Moreover, the separation of multiplex PCR products in conventional electrophoresis methods is impossible if the target fragment lengths are close to each other. Microchip technology with its potential ability for the analysis of DNA markers could solve this problem, 11, 12 by allowing the screening of several markers simultaneously with good separation and less sample consumption as well as obtaining reliable and reproducible electrophoresis separation. 13, 14 This high-speed analysis of the microchip electrophoresis for the mutations and the markers on the human genes is very important for the high-speed diagnosis of genetic diseases.
In this study, we optimized the amplification conditions of multiplex PCR for six DNA markers located on the human Ychromosome, and then combined both the multiplex PCR with microchip technology for simplifying the task of routine screening of infertile males, diagnosing the underlying molecular disorders for their infertility.
Experimental

Apparatus
Agilent 2100 Bioanalyser microchip electrophoresis (Agilent technologies, Germany), which has epifluorescent detection with a semiconductor laser that emits at 630 nm.
The chips have 12 sample wells with 3 gel-dye mix wells and one for Ladder, with a depth of 10 µm, width of 50 µm, and an effective separation length of 15 mm; it is made from soda lime glass.
Hitachi SV 1210 microchip electrophoresis system with LED detector (exciting wavelength at 470 nm, emission wavelength at 530 nm), and with 12 channels each one has a detecting point (Hitachi Electronics Co., Tokyo, Japan).
Genomic DNA extraction from infertile males and subsequent PCR amplifications have been conducted in the department of Human Genetics and Public Health, School of Medicine, The University of Tokushima, Japan.
Primers
For the purpose of this study we chose 6 markers located on the human Y-chromosome. We have reported them to have a relationship with the male disorder of spermatogenic failure. These markers are: Sy610, Sy202, Sy90, Sy276, Sy160 and Sy624. The lengths of the PCR products fragments are: 61, 121, 176, 216, 236, 256 base pairs, respectively ( Table 1) .
Optimization of the multiplex PCR
Optimization of the multiplex PCR system was standardized according to the following conditions: the 20 µL reaction "multi-mix" contained 100 ng template DNA (Human genomic DNA, prepared in the department of Human Genetics and For the diagnosis of unexplained male infertility a multiplex PCR for 6 markers, which are well-known as candidate genes for studying male infertility and located on the human Y-chromosome, has been designed. were calculated using public software (http://www.bioinformatics.org/JaMBW/3/1/9/index.html).
Thermal cycling was performed according to the following conditions: initial denaturation step at 95˚C for 4 min, followed by 30 cycles of denaturation at 94˚C for 1 min, annealing at 58˚C for 1.5 min, and extension at 72˚C for 1 min. The final extension step was at 72˚C for 10 min.
Results and Discussion
Scanning for the best multiplex PCR conditions
In the context of the human genome project and the efforts for finding target genes for human genetic diseases diagnosis and/or therapeutic purposes, fast and reliable tools are greatly required. In the present work, we optimized a multiplex PCR for the diagnosis of male infertility by detecting the microdeletion of six Y-chromosome markers that are known to be involved in the spermatogenesis process, and are candidates for reproductive difficulties in males.
At the beginning we amplified each marker separately by singleplex PCR. The amplification conditions of each primer, especially the melting temperature, was analyzed theoretically, ranging from 49˚C to 54˚C. Since it is well-known that the practical Tm of the PCR is determined experimentally, while the theoretical Tm is only used as a general guidance, we determined Tm by trying several Tm points in different singleplex PCRs in order to find a common Tm that could be used for amplifying each marker separately. We found that 58˚C was the best Tm at which each marker could be successfully, amplified in a singleplex PCR. Thus, the conditions of a multiplex PCR for the six Y-chromosomal DNA markers are supposed to be developed.
However, the separation on a microchip electrophoresis showed only 4 markers, while the other 2 markers (Sy202 of 121 bp and Sy160 of 236 bp) were missed (we called this condition I). So a further optimization for the multiplex PCR conditions was carried out by changing the concentration ratio of the enzyme and the primers of the missed DNA markers; three different conditions have been suggested (conditions II, III, IV). In condition II, the concentration ratios of the primers of Sy202 (121 bp) and Sy160 (236 bp) were doubled; then, the resulting electropherogram was shown to be satisfactory for all of the 6 amplified markers.
Under condition III, the concentration of the enzyme (Taq Gold) was doubled, and subsequently we obtained good amplification for the 6 markers. While in condition IV, both the enzyme and the primers concentrations of Sy202 (121 bp) and Sy160 (236 bp) were doubled, and a good amplification of the 6 markers was also obtained.
After comparing the results of the 3 conditions, we can say that no real difference was found among them, since all of our proposed conditions succeeded to amplify the 6 markers in the multiplex PCR. According to these results, we recommended condition II for this multiplex PCR for its good amplification of the 6 amplicons with less cost compared to using the enzyme, which is more expensive than primers. The experiment was repeated and was shown to be reliable with reproducibility, relative standard deviation (RSD) % < 1.1, and accuracy, relative error (RE) % < 4.7. All of the above experiments were conducted on an Agilent 2100 Bioanalyzer machine.
Multi separation for the clinical diagnosis of genetic diseases
For clinical applications of this multiplex PCR for the diagnosis of the underlying causes of male infertility, we analyzed these 6 multiplex PCR markers on a 12-lane multichannel microchip electrophoresis system from Hitachi. Table 1 The size (bp), primers sequencing, melting temperature and CG content of the six Y-chromosomal DNA markers simultaneously applied in our multiplex PCR Fig. 1 Microchip electrophoresis for the products from multiplex PCR prepared according to conditions I & II. In condition I, the concentrations of all the used primers were the same (1.1 µM); in condition II, the concentration ratio of the primers of the 2 markers (Sy202, Sy160) were doubled. In condition III, the concentration ratio of the enzyme (Taq Gold) was doubled; in condition IV, the concentration ratio of both the enzyme and the primers of (Sy202, Sy160) were doubled.
advantage for the Hitachi is that we can use gel matrices that we modified to improve the separation. This advantage is not available in the Agilent, where we have to use a commercial gel provided by only the company. For these 2 advantages we have continued our experiments by using the Hitachi SV 1210 instead of the Agilent Bioanalyzer. 
Conclusion
The multiplex PCR condition has been optimized for amplifying 6 markers located on the human Y-chromosome, which are considered to be good candidates related to the human disorder of male spermatogenic failure. This multiplex PCR was followed by a successful analysis for these markers on a 12-lane microchip electrophoresis system (6 × 12 = 72 markers) in 180 s. This combination of both the multiplex PCR and microchip electrophoresis technologies resulted in a very powerful separation and precise analysis tool for the diagnosis of genetic diseases. All of these clearly showed another horizon of microchip electrophoresis as a diagnostic tool for the future routine daily analysis of genetic diseases with high reproducibility, small consumed sample volumes and short time needed for the analyses. In these conditions for the multiplex PCR, the other 4 primers' ratios are kept the same as for singleplex PCR that is described in the text; other PCR reaction mixtures and cycling conditions are shown in the text. Table 2 The conditions used as trials to amplify the two markers of Sy202, SY160
